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Background. Magnetic resonance imaging (MRI) offers the opportunity to quantify the vessel diameters in vivo.
This technique can have a breakthrough impact on the evaluation, risk stratification and therapeutical plan-
ning in hemodynamic-related pathologies, e.g., arterial stenosis. However, its applicability in clinics is limi-
ted due to the complex post-processing required to extract the information and the difficulty to synthesize
the obtained data into clinical useful parameters.

Objective. In this work, we use the vessel diameter distribution along its central line obtained with the use of
MRI technology in order to detect the existence of stenosis in internal carotid arteries (ICA) and vertebral
arteries (VA) with the minimal amount of False Negative predictions and to estimate the efficiency of therapy.
Methods. Special normalized and smoothed characteristics will be used to develop the stenosis detection cri-
teria which can be used for every artery separately and for both vessels simultaneously. Linear and non-linear
characteristics were used to increase the reliability of diagnostics. Study is based on the Receiver Operating
Characteristics (ROC) and optimization methods. Real diameter data of 10 patients (80 data sets) were used.
Results. To detect stenosis, three different criteria have been proposed, based on the optimal smoothing pa-
rameters of vessel diameter distributions and the corresponding threshold values for linear and nonlinear
characteristics. The use of the developed criteria allows increasing the reliability of stenosis detection.
Conclusions. Different linear, non-linear, smoothed and non-smoothed parameters and ROC were applied to
detect stenosis in internal carotid and vertebral arteries. It was shown that smoothed data are necessary for
VA and the criterion applicable both for VA and ICA. For ICA it is possible to use initial (unsmoothed)
data. Only one False Positive case was detected for every artery. Results of application of proposed criteria
are presented, tested and discussed. For VA it is possible to use criteria 1 and 2 and smoothed normalized
diameter data. For ICA criterion 2 can be recommended to detect long enough narrowing areas. To detect
short zones of stenosis in ICA, the criterion 3 is useful, since it uses the non-smoothed diameter data.
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Introduction

In this paper, we discuss the automatic detec-
tion of stenosis from the estimated diameters of
cross-sectional areas of a blood vessel. Such a de-
tection problem can appear at the quantification
stage of Computerized Angiography that is based
on digital image processing and important in con-
ventional radiology. The survey [1] contains a pro-
found overview of stenosis detection methods. The
algorithms discussed there have been developed for
the coronary artery stenosis detection, but in prin-
ciple, they can also be used for diagnosing stenosis
of other types of arteries, such as cervical arteries
that are of our main interest here.

Among the methods overviewed in the above
mentioned survey, the algorithm proposed in [2]
outperforms the others and can be considered as

state-of-the-art one. In this algorithm, the stenoses
are subsequently detected and quantified by com-
puting the relative change between the estimated
and expected diameter profiles.

One important requirement formulated in [1]
states that a fully automatic algorithm should be
able to identify stenosis-free arteries with high spe-
cificity (above 0.6) to not overwhelm with a consi-
derable amount of false positive detections. Note
that although on the datasets considered in our
study, the algorithm proposed in [2] performs even
better than it has been reported in [1], for some
types of arteries the specificity 0.636 exhibited by
the algorithm is too close to the above indicated
low limit of 0.6.

Thus, it would be desirable to further improve
the stenosis detection performance. The present
study is aimed at addressing this need.
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Materials and methods
Information collection

In this research we use the data of patients
suffering a spontaneous cervical artery dissection
until 2017, who were treated at the Department of
Neurology, Medical University of Innsbruck, with-
in the ReSect-study [3]. We selected the data of
10 patients with stenotic cervical artery dissection
at the study baseline (date A). All patients received
3T whole body magnetic resonance angiography
(MRA) at the Neuroimaging Research Core Facili-
ty of the Medical University of Innsbruck, equip-
ped with a 3T whole body system (Verio, Siemens,
Erlangen, Germany) employing a 12-channel head
coil and an additional neck-coil. The right and left
internal carotid arteries (ICA) and vertebral arteries
(VA) were segmented from the MRA images using
ITK-SNAP program (www.itksnap.org) [4]. For
the determination of the diameter and position
data from the segmentations at baseline (date A)
and follow-up (date B) we used VMTK program
(www.vmtk.org). After segmentation only the cases
with a clear diagnosis were used for testing steno-
sis detection algorithms. Consequently, the data of
38 ICA and 39 VA were analyzed.

It must be noted that problem of vessel seg-
mentation with the use of MRI data is complicated
and requires a lot of effort and appropriate skills
[5—12]. In particular, a hydrodynamics-based algo-
rithm was proposed in [11] for automatic segmen-
tations of large vessels, calculations of their radius
and other characteristics versus distance along the
central line.

Normalized and smoothed characteristics

Different patients and even one patient before
and after treatment may have substantially different
sets for a characteristic ¢ ; (e.g., artery diameter d )

its averaged values of ¢ and root-mean-square devi-
ations:
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In particular, the average diameter of VA in-
creased by 33% after the patient P1 treatment. In
order to develop universal criteria (applicable for
different patients), we will use the normalized cha-
racteristics according to the following formula:
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To diminish the noise, we will use also smoo-
thed and smoothed normalized characteristics:

1 J=i+w, j<n 1 J=i+w, j<n
= 2 < T,:n— 2 G M
i j=i-w, j>0 i j=i-w, j>0

Where w is the width of smoothing (in parti-
cular, w=0 means using the initial distributions
without any smoothing); »;, is number of indexes
betweenj =i -w,j>0and j=i+w,j<n+I;
and » is the number of elements in a data set (can
be different for different patients and arteries). We
will try to use different values of the width of
smoothing in order to find the optimal and univer-
sal stenosis detection criteria.

Deviations from average values

Similar to [13], we will treat a zone of possi-
ble stenosis as a narrowing between two adjacent
points with average values of the characteristic. If
the minimal value of a characteristic in this area
T, is smaller than certain threshold, the stenosis
is flagged. Thus, for every characteristic the value
of deviation V = |T,;,| will be calculated with the

use of developed Matlab code.

To compare the results, we will use also the de-
viations of non-normalized characteristics v = [t |
and a special criterion k, calculated according to
the formula:

V—0O

k:

x100%. 2)
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In the cases, when there are no two adjacent
points with average values of the characteristic, the
value of deviation and criterion k are supposed to
be zero.

Use of Receiver Operating Characteristic

To compare the effectiveness of criteria we
will use Receiver Operating Characteristic (ROC)
methods. In particular, we will calculate the area
under the ROC curve (AUC), sensitivity (SE), spe-
cificity (SP), positive predictive value PPV and F,
score according to the known formulas [14]:

po_ TP gp_ TN
TP + FN TN + FP 3)
TP 2

PPV

= ’F: .
TP+ FP’ "' 1/SE+1/PPV

Here TN is the total number of true negative
predictions; TP is the total number of true positive
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predictions; FN is the total number of false nega-
tive ones; FP is the total number of false positive
ones.

To calculate these characteristics, 39 data sets
were used for VA (without P10-A-left, diagnosis
"closed") and 38 data sets for ICA (without P2-B-
right and P5-B-left, diagnosis "improved"). Thus,
to develop the reliable criteria, we will use only
cases with a clear stenosis diagnosis (yes or no).
Later we will discuss mentioned above unclear cas-
es and their influence on the results.

It is very important to have a criterion mini-
mizing not only the number of errors (FP + FN),
but also the number of FN diagnoses. With the use
of such approach we will minimize the number of
really ill persons, who are not identified. The de-
veloped Mathlab code minimizes FP + FN, sear-
ches the cases with FN=0, calculates the corres-
ponding values of thresholds and indicates the num-
ber of the set with the false positive prediction.

Results

Different criteria applied for VA diameter dis-
tribution

The results of calculations with the use of VA
diameter data sets are presented in Figs. 1-3. In
these figures (and also in Figs. 8, 13, and 14), blue
lines represent the AUC; black lines — Fj; red lines —
minimum and maximum values of the threshold;
red stars — sum of false negative predictions FN,
black circles — FP. All the characteristics are plot-
ted versus the width of smoothing w. We have used
normalized smoothed VA diameter (second formu-
la (1), Fig. 1); non-normalized VA diameter (first
formula (1), Fig.2) and k-parameter (eq. (2),
Fig. 3).

Figs. 1 and 2 demonstrate that for some values
of w, it is possible to have only one error
FP+ FN =1 and no false negative predictions
(FN =0). The corresponding ranges are 15<w <46
and 34 <w <41 for normalized and non-norma-
lized diameter respectively. In both ranges the false
positive prediction correspond to the same data set
(P1-B-right). With the use of k-parameter the
number of errors is greater than 1 (FP+ FN> 1)
for all 0 <w <100 (see Fig. 3).

Comparison of the Figs. 1—3 show that using
the smoothed normalized diameter is preferable,
since it ensures smaller number of errors (in com-
parison with the k-parameter) and highest value of
AUC (0.9911 for 41 <w<46) in comparison with
0.982—0.987 for non-normalized diameter. There-

fore, the stenosis selection criterion 1 can be for-
mulated as follows:

1) use smoothed values of diameter with the
width of smoothing w = 45 (one of the value with
maximum AUC) according to the first formula (3);
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Figure 1: Results of calculations with the use of normalized
smoothed VA diameter. ROC characteristics versus the width of
smoothing w
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Figure 2: Results of calculations with the use of non-normalized
smoothed VA diameter. ROC characteristics versus the width of
smoothing w. Blue lines represent the AUC; black lines — Fj;
red lines — minimum and maximum values of the threshold; red
stars — sum of false negative predictions FN, black circles — FP
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Figure 3: Results of calculations with the use of k-parameter
and VA diameter data set. ROC characteristics versus the width
of smoothing w. Blue lines represent the AUC; black lines — Fj;
red lines — minimum and maximum values of the threshold; red
stars — sum of false negative predictions FN, black circles — FP
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2) calculate the average value of the smoothed
diameter t and the critical value 0.89t according to
some common value of threshold, shown in Fig. 1.

3) plot both values on the graph with diameter
distributions (blue and red straight lines);

4) the regions of smoothed diameter distributions
(black lines) located under two intersections of stra-
ight blue lines and under straight red lines can be
treated as zones of possible stenosis.

The use of this criterion is illustrated in
Figs. 4—6. Blue markers and lines represent the ini-
tial diameters, bold black lines show the smoothed
diameter distributions.

Using criterion 1 to detect stenosis in internal
carotid arteries

The criterion 1 was developed with the use of
VA diameter distributions, which can be treated as
learning data sets. To test this criterion, more VA

right

Initial and smoothed diameters

0 50 100 150 200 250
Position along artery
Initial and smoothed diameters

0 50 100 150 200 250
Position along artery

Patient P1, VA

data is necessary. We can try to use this criterion
for ICA data, even understanding the difference in
shapes and sizes of these two arteries. In particular,
the precision of diameter data must be greater for
ICA (therefore ICA data needs less smoothing),
since the average cross section area of ICA is larger
and contains more pixels at the same resolution.

Criterion 1 was applied for 40 ICA diameter
data sets. Even after using a more precise value of
threshold —0.8857¢f — and assuming snenosis in
case P9-A-left, another false-negative case was
found (P2-A-left). Taking into account one false-
positive case (P9-A-right), the calculations with
the use of 38 data sets yield: SE =0.833,
SP =0.969; PPV =0.833; F, =0.833. For two da-
ta sets with diagnosis "improved" (P2-B-right and
P5-B-left) less artery narrowing was revealed in
comparison with cases P2-A-right and P5-A-left.
Some results are shown in Fig. 7.
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Figure 4: Stenosis is visible in all cases. According to the medical diagnosis there is no stenosis in B-right (a unique FP error)
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Figure 6: Stenosis in A-right. Closed artery in A-left (unclear diagnosis) show no stenosis after connection the diameter data
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Figure 7: Stenosis in A-r. According to the medical diagnosis there is stenosis in A-1 (a FN error). Unclear diagnosis in B-r

("improved") can be treated as no stenosis

Development and testing of the common crite-
rion 2 applicable both for vertebral arteries and
internal carotid arteries

The results of testing the criterion 1 on ICA
data sets can be improved with the use of smaller
values of the depth of smoothing, since high values
of AUC and only one FP error occur in VA at ra-
ther large range of w (see Fig. 1). We can try to de-
velop a common criterion 2, which can be applica-
ble for both arteries and yield better testing results.
For this purpose we will use the ROC results for
ICA data shown in Fig. 8. It can be seen, that
there are two ranges of smoothing width 0 <w <4
and 8 <w <16 which ensure only one FP error, no
FN results and very high levels AUC. Some inter-
sections of w values can be seen in Table 1.

Thus, the common criterion 2 applicable both
for VA and for ICA can be formulated as follows:

1) use smoothed values of diameter with the
width of smoothing w = 16;

2) calculate the average value of the smoothed
diameter t and the critical value 0.7925¢;

3) plot both values on the graph with diameter
distributions (blue and red straight lines);

4) the regions of smoothed diameter distributions
(black lines) located under two intersections of blue
lines and under red lines can be treated as zones of
possible stenosis.

Application of this criterion for both arteries
(77 data sets) yields only two FP cases (one per
each artery) and the values SE=1; SP=0.969;
PPN =10.867; F,=0.929. An example of criterion 2
application for VA data sets is shown in Fig. 9. The
application of this criterion to the ICA data is pre-
sented in the next Section.

Development and testing of the criterion 3 ap-
plicable for non-smoothed internal carotid ar-
teries data

Fig. 8 illustrates that ICA data sets yield very
good ROC characteristics for small values of
smoothing width 0 <w <4 as well. In particular,
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one FP error, no FN results and very high levels
AUC occur with the use of non-smoothed data
(w = 0). Therefore, the criterion 3, applicable only
for ICA can be formulated as follows:

1) use no smoothing

2) calculate the average value of the diameter
t and the critical value 0.7137;

3) plot both values on the graph with diameter
distributions (blue and red dashed straight lines);

T

T

—AUC
—_—F,
* FN
o FP
===max threshold
===min threshold

AUC, F,, thresholds, FN, FP
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20 30 40 50 60 100

Width of smoothing

70 80 90

Figure 8: ROC results for ICA data. Normalized diameter. Blue
lines represent the AUC; black lines — Fj; red lines — minimum
and maximum values of the threshold; red stars — sum of false
negative predictions FN, black circles — FP
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4) the regions of smoothed diameter distributions
(black lines) located under two intersections of blue
dashed lines and under red dashed lines can be
treated as zones of possible stenosis.

Some applications of criteria 2 and 3 to ICA
diameter data sets are shown in Figs. 10—12 (blue
bold and dashed lines are very close for these cas-
es). It can be seen that application of different cri-
teria can give different results in some cases.

Table 1: Intersection of the smoothing width ranges for verte-
bral and internal carotid arteries

Patient P1,VA

Characteristics ACI VA
Range of the smoothing
width w for cases with 8—16 15—46
FN=0; FP=1
AUC 0.9948 0.978—0.991
Sensitivity SE 1 1
Specificity SP 0.9688 0.9688
PPV 0.857 0.875
F 0.923 0.933
FP Patient P9-A-right P1-B-right

Threshold range for w =16 0.179—0.208 0.206—0.213
Common threshold 0.2075
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Figure 9: Stenosis in all cases. According to the medical diagnosis, there is no stenosis in in B-r. It is a unique FP error
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Figure 11: Stenosis in A-left for criteria 2 and 3. Stenosis in B-right for criterion 3 (FP). Unclear medical diagnosis "improved" in
B-left can be treated as no stenosis for the both criteria
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Figure 12: Stenosis in A-1 for criteria 2 and 3. Stenosis in A-r for criterion 2 (FP)

Discussion
Comparison with the previous results

The algorithm by Shahzad ef al. [2] was ap-
plied for the same VA and ICA data sets. The calcu-
lated ROC characteristics are presented in Table 2.
The optimized values are shown in brackets. Com-
parison of Tables 1 and 2 demonstrates that crite-
rion 2 ensures higher values of all the characteris-
tics for both arteries.

Table 2: Performance of the algorithm by Shahzad er al. [2] on
the considered datasets. Characteristics optimized with the ROC
analysis are shown in brackets

Artery SE SP PPV F
VA 1 0.636 0.368 0.539
(0.857) (0.818) (0.5) (0.631)
ICA 0.625 0.875 0.556 0.558
(0.75) (0.781) (0.462) (0.571)

Possible errors in diagnosis

In order to check the Matlab code and possi-
ble errors in medical diagnosis, we have calculated
the ROC characteristics assuming the existing ste-
nosis in the case P1-B-right. The results are shown

in Fig. 13. It can be seen that for the smoothing
range depth 15<w <46 there are no errors and
AUC = F, = 1. It is interesting to note that in the
case P1-B-right, the stenosis is also flagged with
the use of the non-linear characteristics presented
below. The results of computations show that there
is only this FP error for 6 <w < 24.

We have also calculated the ROC characteris-
tics assuming the existing stenosis in ICA for cases
P2-B-right and P5-B-left (labeled as "improved").
The results are shown in Fig. 14. It can be seen
that the number of errors increases for all values of
the smoothing depth. In particular, the minimal
number of FN cases is two.

Use of the non-linear characteristics in order
to improve the reliability of predictions.

Criterions 1—3 are based on the normalized
diameter data d;. In order to check the results and
to improve the reliability of predictions, other non-
linear criterions can be used. In particular, the lo-
cal blood flow velocity in the artery (averaged in
time and space for a fixed artery cross-section) is
proportional to the cross-section area, i.e., al,.2
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Figure 13: ROC characteristics for VA smoothed normalized
diameter sets with the assumption of stenosis in the case P2-B-
right. Blue lines represent the AUC; black lines — F; red lines —
minimum and maximum values of the threshold; red stars —
sum of false negative predictions FN, black circles — FP
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Figure 14: ROC characteristics assuming the existing stenosis in
ICA for cases P2-B-right and P5-B-left (labeled as “im-
proved’). Blue lines represent the AUC; black lines — Fj; red
lines — minimum and maximum values of the threshold; red
stars — sum of false negative predictions FN, black circles — FP

Table 3: Optimal solutions with a unique FN or FP error for smoothed normalized linear and non-linear characteristics

Vertebral arteries

Internal carotid arteries

Characteristic d; d,-2 d,«4 d; d,-2 d,-4
Width of _ _ _ a) 0—4 _ a) 16—17
smoothing 15-46 12-42 6-24 b) 8—16 0-1 b) 19-25
_ _ _ a) 0.867
AUC 0.978—0.991  0.978—0.991 0.978—0. 982 a,b) 0.995 0.995 b) 0.872—0.875
Sensitivity SE 1 1 1 1 1 0.833
Specificity SP 0.969 0.969 0.969 0.969 0.969 1
PPN 0.875 0.875 0.875 0.857 0.857 1
F 0.933 0.933 0.933 0.923 0.923 0.909
. a) 0.290 a) 0.735
Maximal threshold 0.216 0.430 0.790 b) 0.236 0.547 b) 0.729
. a) 0.251 a) 0.730
Minimal threshold 0.095 0.187 0.580 b) 0.179 0.492 b) 0.726
. . . . a) P5-B-right  P5-B-right
FP patient P1-B-right P1-B-right P1-B-right b) P9-A-right
FN patient - — - - - a,b) P2-A-left

(see, e.g., [11]). Another very important blood flow
characteristic — pressure gradient — is connected

d*

with the squared cross-section area, i.e., d;

(see, e.g., [12]).

Two series of computations were performed
with the use of smoothed normalized cross-section
area (d?) and smoothed normalized squared cross-

section area (d,.4). The results showed that a uni-

que FN or FP error exists both for VA and ICA for
some ranges of the smoothing width shown in
Table 3. No cases without any errors were re-
vealed. For normalized diameter of ICA there are
two ranges of the smoothing width, corresponding
to a unique FP error, which occurs in different
patients (see Table 3). For smoothed normalized

squared cross-section area (d,-4) of ICA, there are

two ranges of the smoothing width, corresponding
to a unique FN error, which occurs in the same
patient (see Table 3).

Conclusions

Different linear, non-linear, smoothed, and
non-smoothed parameters and receiver operating
characteristic (ROC) were applied to detect stenosis
in vertebral and internal carotid arteries. Real dia-
meter data of 10 patients (80 data sets were used).

Three different criteria were proposed for ste-
nosis detection. It was shown that smoothed data
are necessary for VA and the criterion applicable
both for VA and ICA. For ICA it is possible to use
initial (unsmoothed) data. Only one False Positive
case was detected for every artery.
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Results of application of proposed criteria are
presented, tested and discussed. For VA it is possi-
ble to use criteria 1 and 2 and smoothed norma-
lized diameter data. For ICA criterion 2 can be
recommended to detect long enough narrowing
areas. To detect short zones of stenosis in ICA, the
criterion 3 is useful, since it uses the non-smoo-
thed diameter data.

To minimize the number of FN cases we re-
commend to use both the criteria 1 and 2 for VA
and both the criteria 2 and 3 for ICA. It would
be useful to develop corresponding user-friendly
interface.
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BUABNEHHA CTEHO3Y Y BHYTPILLHIX COHHUX | XPEBETHUX APTEPIAX I3 3ACTOCYBAHHSIM AIAMETPIB,
OUIHEHUX 3A JAHUMWU MATHITHO-PE3OHAHCHOI TOMOIPA®II

Mpo6nemartnka. MarHiTHo-pe3oHaHcHa Tomorpadis (MPT) nae MoXnuBiCTb BU3HAUUTK fAiameTp cyauH in vivo. Lis metognka moxe
MaTy NPOPUBHWUM BMSIMB Ha OLiHKY, CTpaTMUdiKauilo pu3uKy i TepaneBTUYHE NilaHyBaHHS Npu reMOoAMHaMiYHMX NaTonorisix, Hanpuknag
npu aprtepianbHoMy cTteHosi. OgHak “oro KriHiYHe 3acTocyBaHHA obMexeHe vepes cknagHy nocTobpobky, HeobXigHy Ans BUTAry
iHpopMmaLii, Ta TPYAHOLL CMHTE3Y OTPMMaHUX AaHWX Y KINiHIYHO KOPUCHI napameTpu.

MeTa. My BMKOPMCTOBYEMO PO3MoAin AiameTpa CyAuMHW B3AOBX i LEHTPanbHOI NiHii, oTpuMaHun i3 3actocyBaHHsM TexHonorii MPT,
06 BUSIBUTM HasIBHICTb CTEHO3Y Y BHYTPILLHIX COHHMX (ICA) i xpebeTHux (VA) apTepisix 3 MiHiMarnbHO KiflbKiCTIO MOMUIIKOBUX HEraTme-
HWX MPOrHO3iB Ta OUiHNTK edbeKTUBHICTb Tepanil.

MeToauka peanisauii. CnevjanbHi HOPMOBaHi Ta 3rnaXeHi XapakTePUCTUKM 3aCTOCOBaHO AJ1s1 PO3POOKM KPUTEPIIB BUSIBIIEHHS! CTEHO3Y,
SIKi MOXKHa BMKOPUCTOBYBaTW Ansi KOXHOI apTepii okpemo i Ana 06ox cyauH ogHoyacHo. [ns miaBULLEHHS OOCTOBIPHOCTI OiarHOCTUKU
BMKOPUCTOBYBAanNW MiHiliHi Ta HeNiHinHi xapakTepucTukn. focnigkeHHs 6asyeTbcst Ha poboymnx xapakrepuctukax npuvimada (ROC) i
MeTofax onTumisauii. Byno BukopuctaHo gaHi npo dakTuyHui giametp cyauH 10 nauienTis (80 HabopiB gaHuXx).

PesynbTatn. [Ina BUSBNEHHs CTEHO3Yy 3anponoHOBAHO TP Pi3HUX KpUTepii, Wo 6a3yloTbCst Ha ONTUMarnbHUX NapameTpax 3rnagxyBaH-
HS pO3MoAiniB giameTpa CyauH i BigNOBIOHMX MOPOroBMX 3HAYEHHSIX ANSA NiHIMHUX Ta HEMiHIMHUX XapakTepucTuk. BMKopucTaHHs pos-
pobneHux kpuTepiiB Aae 3amMory NigBULLMTU HAAIAHICTb BUSIBNIEHHSI CTEHO3Y.

BucHoBku. [INs BUABNEHHA CTEHO3Y Y BHYTPILLHIX COHHMX | XpebeTHMX apTepisx 3acTOCoBYBanuCh Pi3Hi MiHiMHI, HENiHIVHI, 3rmagXeHi i
HesrnagkeHi napametpun Ta ROC. Byno nokasaHo, Wwo 3rnagkeHi gaHi HeobxigHi ans VA i kputepito, 3acTocoBHOro sk ana VA, Tak i gns
ICA. Ons ICA MoXHa BUKOpPUCTOBYBaTW NMOYaTKOBI (He3rnagkeHi) aaHi. BusasneHo nuwe oguH XMGHUIA NO3UTUBHUIA BUNAAOK AN KOXHOT
aprepii. [peacTaBneHo, nepesipeHO Ta 0BroBopeHo pesynbTaTh 3acTOCYBaHHS 3anponoHoBaHUX kpuTepiiB. [ns VA MoxHa BUKOPUCTO-
ByBaTW KpuTepii 1 i 2 i 3rnagxyBaTtu AaHi HopMmanisoBaHoro giametpa. Anga ICA kpuTepii 2 MOXHa pekoMeHAyBaTV AN BUSABNEHHS
00CUTb JOBIMX 30H 3BYXXEHHSA. [Ns BUABMEHHSA KOPOTKMX 30H cTeHo3y B ICA KOpUCHWUI KpuTepin 3, OCKiNbKW BiH BUKOPUCTOBYE AaHi
Hes3rnmagkKeHoro giametpa.

KnroyoBi cnoBa: cTeHO03; BHYTPIlLHi COHHI apTepii; xpebeTHi apTepii; MarHiTHO-pe3oHaHCHa ToMorpadis; KOMM oTepu3oBaHa
aHriorpadis; poboya xapakTrepucTuka npuiMaya; onTumisadis.
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OBHAPYXEHUE CTEHO3A BHYTPEHHUX COHHbIX 1 MO3BOHOYHbIX APTEPUA C UICNOJIb3OBAHMEM OUAMETPOB,
OLIEHEHHBIX MO AAHHbLIM MATHUTHO-PE3OHAHCHOM TOMOIPA®UA

Mpo6nemartuka. MarHuTHO-pe3oHaHcHast Tomorpadms (MPT) gaeT BO3MOXHOCTb KONMUYECTBEHHO ONPEeAenunTb AMameTpbl COCYA0B
in vivo. OTOT MeTo4 MOXeT Oka3aTb NPOPbIBHOE BIUSHME HA OLEHKY, CTpaTUdMKALMIO pUcKa MU TepaneBTUYecKoe MraHvpoBaHue npu
reMoMHaMMYeCKNX NaTosiorusix, HanpuMep npu aptepuanbHoMm cTeHo3e. OgHaKko ero NPMMEHMMOCTb B KIIMHUKAaX OrpaHuyeHa u3-3a
CMOXHOM NocTo6paboTkn, He0BXoAUMON ANs U3BMeYeHUs MHpopMaLK, U CMOXHOCTU C CUHTE30M MOSyYEHHBIX AAHHBIX B KITMHUYECKU
nonesHble napameTpsbl.

Lenb. Mbl ucnonb3yem pacnpegeneHve avameTpa Cocyaa BOOSb €€ LieHTparnbHOW NMHUK, NOMYyYEHHOE C UCMOSb30BaHWEM TEXHOSO0-
mm MPT, 4ToGbl 0BHapyXWTb HanM4Me CTeHo3a BO BHYTPEHHUX COHHbIX apTepusix (ICA) 1 No3BOHOYHbIX apTepusix (VA) ¢ MUHUManb-
HbIM KOMMYECTBOM JTOXKHbIX OTPULLATENbHbIX MPOrHO30B M OLEHUTb 3(PEKTUBHOCTL Tepanuu.

MeToauka peanusauumn. CrneumanbHble HOPManNU30BaHHbIE U CrNaXeHHbIe XapaKTepucTukM OyayT Mcnonb3oBaTbCst AN pa3paboTku
KpuTepmeB oBHapyXXeHWs CTEHO3a, KOTOPble MOXHO UCMOSb30BaTh ANS KaXA4oW apTepun OTAENBHO U Ans 060MX COCyA0B OAHOBPEMEH-
HO. JINHENHbIE N HENWHENHbIE XapaKTepPUCTMKN ObiNMM UCNOMNb30BaHbl AN NOBbILEHWS AOCTOBEPHOCTU MPOrHO30B. VccnemoBaHue
OCHOBAHO Ha 3KCMnyaTauMOHHbIX XapakTtepucTukax npuemHmnka (ROC) n metogax ontumuaaumu. Vicnonb3oBanvcb faHHbIE pearnibHOro
OnameTpa aptepuit Ans 10 nauneHToB (80 HaBOPOB AaHHbIX).

Pe3ynbTathl. [Ina BbiBMEHUS CTeHO3a Oblnu NpeanoxeHbl TPU pasnuyHbIX KPUTEPUSs, OCHOBAHHbIE HA OMTMMAarbHbIX NapameTpax
crrmaxvBaHusl pacnpegeneHunin guameTpa COCyA0B U COOTBETCTBYHOLLMX MOPOroBbIX 3HAYEHWUAX AN IMHENHBIX U HENMHEWNHbIX XapaKTe-
puctuk. Micnonb3oBaHne paspaboTaHHbIX KpUTEPUEB NO3BONSIET NOBLICUTL HAAEXKHOCTL BbISIBIIEHUSI CTEHO3A.

BbiBoAbl. PasznuyHble nHeHbIE, HENMHENHbIE, CTMaXeHHbIe U HecrnaxeHHble napameTpbl 1 ROC 6binm ncnonb3oBaHbl Ans obHapy-
XEHUS CTeHO3a BO BHYTPEHHMX COHHbIX U MO3BOHOYHbLIX apTepusix. bbino nokasaHo, YTO CrnaxeHHble AaHHble Heobxoaumbl Ans VA n
KpuTepusi, npumeHumoro kak anst VA, tak n ansa ICA. ina ICA MOXHO UCNonb30BaTh UCXOAHbIE (HECTMaXeHHbIe) AaHHble. TONbKO OAWH
NOXXHOMOSNOXMTENbHBIA crnydan 6bin obHapyxeH Ana kaxaow aptepuun. [NpeacTtaBneHbl, anpobupoBaHbl U 06CYXAeHbl pesynbTaTbl
NPYMeHeHUs: NpeanoXeHHbIX kputepmes. [ns VA MOXHO Mcnosnb3oBaTb Kputepun 1 M 2 1 criaxeHHble faHHble HOPManu3oBaHHOMO
anametpa. [ns ICA kputepuii 2 MOXHO pekoMeHAoBaTb ANt 06HapyXXeHUs1 JOCTAaTOYHO OJIMHHbBIX CYXXaloLMXCa y4acTkoB. [nsi BbisiB-
NEeHUst KOPOTKMUX 30H cTeHo3a B ICA noneseH kputepuii 3, NOCKONbKY B HEM MUCMOMb3YHTCS HECTMaXEeHHbIE AaHHbIE AuameTpa.
KnioueBble crnoBa: CTEHO3; BHYTPEHHNE COHHbIE apTepuu; NO3BOHOYHbIE apTEPUN; MAarHUTHO-PE30HaAHCHAasi ToMorpacusi; KOMMbTe-
pu3oBaHHas aHruorpagus; paboune xapakTepUCTUKN NPUEMHUKA; ONTUMU3aLMUS.



